lance of work-related heat illness than hospital admission or mortality records due to their prompt sensitivity to meteorological conditions. 14 
METHODS

Study objective and study design
The objective of this observational study was to estimate the incidence rate of work illness arising from excess heat exposure in two data sources for the Ontario labour force over a seven-year period. Records of heat-related work-related illness for a complete population of occupationally-active adults aged 15-64 years in the province of Ontario were obtained from two independent sources: a census of allowed lost time compensation claims registered with the Ontario Workplace Safety & Insurance Board (WSIB) and a census of emergency department encounter records where the illness was attributed to a workplace cause. Included in this study are all individuals with an illness date from January of 2004 to December of 2010.
Approval for this study was obtained from the University of Toronto Health Sciences Research Ethics Board.
Data sources
National Ambulatory Care Reporting System (NACRS)
The Canadian Institute for Health Information (CIHI) is the mandated repository for electronic records documenting visits to EDs in acute care facilities in Ontario under the framework of the National Ambulatory Care Reporting System (NACRS). 15 All Ontario citizens are insured for medically necessary care, including care provided in acute care hospital emergency departments. For this study, emergency department records where the "responsibility for payment" code indicated the WSIB were obtained from NACRS for the period January 2004 to December 2010. Responsibility for payment refers to the clinical determination of a work-related cause of morbidity presenting to the emergency department and is independent of the registration or acceptance of a workers' compensation claim. 16 Variables included in the extracted records were: gender, birth date, visit type, visit date and a series of up to 10 fields documenting the main problem and the external cause of injury. All unplanned ED visits were included in the analysis. Data describing the reason for each visit is recorded using the Canadian implementation of the International Classification of Diseases, 10 th Revision (ICD-10-CA).
Workplace Compensation Lost Time Claims
In Ontario, the WSIB is the sole provider of workplace compensation coverage. Approximately 70% of the labour force is insured by the WSIB based on firms' industrial characteristics; those not covered include self-employed workers, domestic and casual workers and some designated economic sectors (for example, financial and insurance services). 17 Employees of insured firms are eligible for compensation of lost wages and reimbursement of health care expenses resulting from a work-related illness that required time to be taken off of work the day after the injuring incident, under compensation known as lost time claims. Electronic records of lost time claims include information on the source, event and nature of occupational illness, classified according to a standardized coding system.
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Measures
Case Definitions: Heat Illness
In ED records, a case of heat illness was defined on the basis of ICD-10-CA codes for conditions diagnosed as heatstroke, sunstroke, heat collapse, heat cramps, heat exhaustion, heat fatigue, heat edema or other effects of heat and light (Table 1) . A visit was also classified as a case of heat illness if a cause of the injury was "exposure to natural heat".
Among lost time claims, a case of heat illness was defined by information describing the nature, event or source of injury. If the principal physical characteristics of the injury, its nature, included effects of heat and light, the claim was defined as heat-related. This encompassed heat stroke, heat syncope, heat fatigue, heat edema, multiple effects of heat and light, unspecified effects of heat and light, and effects of heat and light not classified elsewhere. Where the source of injury, describing the exposure inflicting the injury, was specified as environmental heat, sun or environmental temperature extremes that were unspecified or not classified elsewhere, the claim was defined as heat-related. Heat-relatedness was also attributed where the event or exposure that resulted in the illness was listed as exposure to environmental heat or contact with temperature extremes that was unspecified or not classified elsewhere.
Occupation, Industry and Tenure of Employment
Information on occupation and industry of employment was available only for lost time claims. Occupation is coded according to the National Occupational Classification, 1991, (NOC) 19 and industry is classified using the 1980 Standard Industrial Classification (SIC). 20 Worker's employment tenure is the number of days between the worker's initial employment and illness.
Labour Force Estimates
Denominator estimates of the number of full-time equivalent (FTE) workers, stratified by age, gender, month and year for the Ontario labour force were obtained from the Labour Force Survey conducted by Statistics Canada. 21 Forty hours of work per week based on the actual hours reported was considered to be the equivalent of a fulltime work commitment. To accurately calculate rates of heat illness based on lost time claims, estimates of the working population from the Labour Force Survey were adjusted based on industry characteristics to determine the number of FTE employees eligible for WSIB coverage.
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Analysis
Age, gender, year, month and age-/gender-specific rates of heat illness were generated from both datasets. The distribution of heatrelated illnesses on days throughout the seven-year period was examined, considering the number of days over which all heat illnesses occur and the adjacency of days with heat illnesses.
Rates of heat illness were calculated by dividing the number of heat-related ED visits or lost time claims over the number of FTE workers in Ontario eligible for each service. Rates were expressed per 1,000,000 FTE employee months. Confidence intervals consider variation of the numerator only and were calculated using the normal approximation method based on a Poisson distribution. 22 The characteristics of workers with a heat illness documented in WSIB lost time claims were described for industry and occupation. A number of occupational exposures were attributed to individual claim records based on job exposure matrices. The required skill level for the heatinjured worker's occupation in addition to the physical job demands (manual, mixed and non-manual) and environmental conditions relevant to heat illness in their occupation were also described. Occupational physical job demands were classified using methods developed by the Institut de recherche Robert-Sauvé en santé et en sécurité du travail. 23 Worker's environmental condition classifications were coded using the Human Resources and Skills Development Canada classifications, which categorize hazards likely to be present in the occupational environment and locations where the main duties of an occupation are conducted (regulated inside climate, unregulated inside climate, outdoors and/or vehicle). An unregulated inside climate describes the presence of temperature or humidity levels considerably different from normal room conditions. If an occupation lacks a regulated inside climate (normal room conditions), no regulated inside climate was indicated. 24 The proportionate morbidity ratio (PMR) of heat-related lost time claims relative to non-heat-related lost time claims was calculated e422 REVUE CANADIENNE DE SANTÉ PUBLIQUE • VOL. 104, NO. 5 WORK-RELATED HEAT MORBIDITY 
RESULTS
From 2004-2010, there were 785 heat-related visits to Ontario emergency departments that were clinically attributed to work exposures and there were 612 lost time claims identified as heat-related. The rate of occupationally-attributed, heat-related ED visits was 1.6 per 1,000,000 FTE employee months (95% CI 1.5-1.7) and the rate of heat-related lost time claims was 1.7 per 1,000,000 FTE employee months (95% CI 1.6-1.9). Unspecified heat exhaustion was the most frequent reason for an ED visit (68%), while heat stroke and sunstroke represented 14% of visits. Among lost time claims declared to be the effects of heat and light, 50% of injuries were not classified, 18% were attributed to heat stroke, 10% to heat fatigue and 6% to heat syncope. Monthly rates of occupationally-attributed heat illness are less than one in a million FTE employees from September to April, and incidence of heat illness is highest in the June to August period in both data sources (Table 2 ). Annual variation is also observed in both data sources, with elevated incidence in 2005, 2006 and 2010.
Over the seven-year study period, the 785 ED visits for heat illness occurred on 312 days (12% of all days in the seven-year observation period). A total of 55% of all heat illnesses were clustered in epidemics over contiguous days. Approximately 13% of all visits over the seven-year period occurred on only two days in August of 2006.
WSIB lost time claims demonstrated similar clustering over time. The 612 lost time claims occurred on 298 days (11% of all days in the seven-year observation period). A total of 40% of all heat illnesses were clustered in epidemics over contiguous days. Pronounced concentration was also observed in this data source: 9% of illnesses occurred on two days, one day in August 2006 and the other in July 2010.
The rates of ED visits and lost time claims were highest among workers aged 15-24, although age differences were less pronounced among lost time claimants (Figure 1 ). The incidence of heat illness was higher among men in both data sources. Table 3 reports the frequency of heat-related lost time claims by industrial sector, occupational activity and skill level of worker's position, as well as the PMR for these characteristics, comparing those that are heat-related to all lost time claims. Among heat-related lost time claims, the most frequent industrial sectors of employment were Manufacturing (25%), Government Service (15%), Construction (10%) and self-insured public sector employers (10%). Relative to the proportion of all claims within each sector, there was a higher proportion of heat-related claims in the following sectors: Government (includes those working for school boards, power and telecommunication lines, electric power generation, and municipal services including waste management), Agriculture, Construction, Business Services (includes employment agencies, technical and professional services), Communication & Other Utility, self-insured public sector employers, Manufacturing, Real Estate & Insurance Agent, and Other Services (includes hospitality industries, janitorial and repair industries as well as recreational services and facilities ) . Among lost time claims, approximately two thirds of workers with heat illnesses were in positions that were classified as manual labour (Table 3 ). Relative to all lost time claims, there was a higher proportion of heat-related claims among manual workers. Table 3 also provides information on typical environmental working conditions for the occupations of heat-injured workers with a lost time claim. Approximately one half of workers with a lost time claim for heat illness were employed in occupations with a prominent exposure to outdoor work (PMR: 1.2), and approximately 25% were employed in occupations that typically work in unregulated indoor environments (PMR: 1.5). Approximately 18% of workers with a lost time claim for heat illness worked in occupations with typical exposure to fire, steam or hot surface hazards at work (PMR: 1.5).
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Rate of heat-related, occupationally-attributed emergency department (ED) encounters and lost time claims per 1,000,000 full-time equivalent (FTE) worker months in Ontario from 2004-2010 by worker age and gender
ED Encounters Lost Time Claims
Approximately 70% of workers with heat-related lost time claims were employed in the workplace for a year or more (Table 3) . Workers whose tenure was less than a month (PMR: 1.95) and from one to two months (PMR: 1.53) experienced more heat claims relative to all claims. With longer tenure, workers had proportionally fewer heat claims relative to all claims.
DISCUSSION
In this study of occupational heat illness, two population-based data sources provided concordant estimates of the incidence of heat illness. The incidence of heat illness was concentrated among young men and among manual occupations. Workers with less employment tenure had proportionally more heat illness, as did those in industries with substantial outdoor work. The absence of this pattern in smaller sectors involving outdoor work, such as logging and forestry, is likely due to lack of statistical precision. Further, proportionately more heat illness was observed among workers in occupations with exposure to fire, steam and hot surface hazards and in occupations with exposure to unregulated indoor environments. Temporally, risk of heat illness was greatest in the summer months, exhibited annual variation and was clustered over contiguous days.
Approximately one sixth of the cases of heat illness ascertained in this study were associated with a diagnosis of heat stroke, the most severe heat illness that has an elevated risk of hospitalization and death. 8 This proportion is comparable to hospitalization rates for heat-affected workers in California. 25 A population-based examination of heat illness in Washington State using workers' compensation data from 1995-2005 observed 3.1 claims for heat illness annually per 100,000 FTE including no lost time claims and lost time claims. Had only lost time claims been included, the rate would have been a tenth of that observed in Ontario. 9 Comparing trends of heat illness by industrial sector reveals similar patterns in Washington State as were noted in Ontario, the exception being the state's Manufacturing sector, which had proportionally fewer heat claims relative to all claims. 9 These differences are likely attributable to regional differences in climate, occupational demographics, prevention programming and claim administration, and reinforce the need for region-specific understanding of occupational heat illness.
We note a number of strengths of this study. The use of two data population-based sources that have consistent methods for the classification of work-related morbidity over the seven-year observation period was an advantage for confirming observed patterns and e424 REVUE CANADIENNE DE SANTÉ PUBLIQUE • VOL. 104, NO. 5 WORK-RELATED HEAT MORBIDITY Table 3 .
Proportional trends. We applied broad criteria for case ascertainment, including cases with definitive diagnostic findings of heat illness and cases with suggestive diagnostic classification. 14, 25, 26 The study has a number of limitations. Although not incorporated in this study, we anticipate that temperature, humidity and air pollution measures available from meteorological sources would provide a more refined analysis of risk estimates and may explain the annual variation and clustering of heat illnesses observed over contiguous days. To provide a simplistic example, on the day with the greatest burden of heat illness, the maximum ambient temperature was 36°C in Toronto and the Humidex peaked at 47°C, whereas the maximum daily temperature and Humidex in the preceding week had a mean of 30°C and 39°C, respectively.
Additionally, the study is describing the incidence of heat illness presenting to EDs or resulting in a workers' compensation lost time claim. As such, we expect that the incidence rates reported in this study underestimate the true burden of heat illness in this jurisdiction. Drawing on studies of heat illness in the US states of Washington and California, we might estimate that between 45-90% of cases with less severe heat illness that do not require time off work do not get reported in lost time compensation data. 9, 25 While some of this burden was likely captured in the ED encounters, cases treated in primary care or workplace settings were excluded from this surveillance study of the Ontario labour force.
Finally, we note that the study methods did not link individual worker records between the ED data source and the workers' compensation data source. The proportion of incident events that are present in both data sources and that are uniquely present in each data source are not estimated in this study.
In conclusion, this study of work-related heat illness events provides information to inform occupational health services. The evidence from this report suggests heat illness prevention programs should target workers in manual occupations in typically outdoor industries and workers in occupations with exposure to unregulated indoor environments. Within these workplaces, younger individuals with less workplace tenure would benefit most as they are unlikely to be acclimatized to occupational conditions.
(taux d'incidence : 1,6 p. 1 000 000 mois équivalents temps plein [ETP]), et 612 épisodes du même type dans les réclamations avec interruption de travail (taux d'incidence : 1,7 p. 1 000 000 mois ETP), avec des pics observés durant les mois d'été. Le risque de maladie liée à la chaleur était élevé chez les hommes, les jeunes travailleurs, les travailleurs manuels et les personnes ayant eu une durée d'emploi plus courte. Une proportion supérieure de réclamations avec interruption de travail imputées aux maladies liées à la chaleur a été observée dans les secteurs des services gouvernementaux, de l'agriculture et du bâtiment comparativement à l'ensemble des réclamations avec interruption de travail.
CONCLUSIONS :
Il y a des cas de maladies professionnelles liées à la chaleur dans la population ontarienne; ils sont observés dans les dossiers des SMU et dans les réclamations avec interruption de travail. On constate des écarts dans l'incidence des maladies liées à la chaleur selon les caractéristiques des travailleurs et des industries; au fil du temps, ces écarts peuvent éclairer les efforts de prévention des services de santé au travail en Ontario.
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